The number of antireflux operations increased 34% from 1997 to 1999, and 34,800 procedures are now done annually in the United States. 6 Open antireflux surgery has a 91% success rate at 10-year follow up. 7 Similarly, laparoscopic fundoplication has been shown to achieve good or excellent relief of reflux symptoms in 90% of patients at 5-year follow-up. 8 Although results are excellent, revision is sometimes required. Open antireflux procedures have an approximate 10% failure rate at 10 postoperative years. 7 Rates for reoperative laparoscopic antireflux surgery are comparable and range from 4% to 8%. [8] [9] [10] [11] [12] [13] [14] There is concern that improvement of symptoms after reoperative antireflux surgery is not as good as after primary surgery, although success rates as high as 90% have been reported. 9, [15] [16] [17] We investigated our experience with reoperative laparoscopic fundoplication to determine its safety and efficacy in alleviating symptoms related to GERD.
Patients and Methods
Between June 1996 and January 2002, a total of 612 consecutive patients underwent fundoplication for medically recalcitrant GERD at the West Penn Allegheny Health System. All operations were performed by three experienced laparoscopic surgeons (R.J.K., R.J.L., and R.H.M.). Follow-up data (office visits and phone interviews) were available for 92% of the patients. The mean follow-up time was 23.4 months. Thirty-nine of the 612 patients (6.4%) required revision of their initial fundoplication. During the same period, 15 patients who had been operated on at other institutions were referred to our practice for failure of their primary repair (Figure 1 ). Previous operations included laparoscopic Nissen fundoplication (n ϭ 42), laparoscopic Toupet fundoplication (n ϭ 4), open Nissen fundoplication (n ϭ 7), and Belsey Mark IV fundoplication (n ϭ 1). Seven of the 15 referred patients had undergone an open fundoplication. We conducted a retrospective analysis to determine the primary symptom that led to reoperation, the reason for failure of the initial surgery, the success of reoperation in alleviating GERD symptoms, and the postoperative need for antireflux medications.
Workup before reoperative fundoplication included esophagogastroduodenoscopy (EGD) and barium esophagogram in all cases. Esophageal manometry was performed in 34 of 54 cases (63%), and 24-hour esophageal pH monitoring was done in 32 of 54 cases (59%). The remaining patients either refused or could not tolerate the studies. A nuclear motility study was ordered for 5 of those patients. Another 5 patients underwent nuclear gastric emptying studies to rule out gastroparesis. Patients with impaired esophageal peristalsis were offered a partial fundoplication.
Patients were offered reoperative repair if they had evidence of anatomic failure of the fundoplication that correlated with their symptoms. Patients with normal configuration of the fundoplication but with evidence of esophagitis on EGD or abnormal 24-hour pH study were offered surgery if they medical treatment of their GERD symptoms failed. All patients undergoing reoperation underwent a laparoscopic approach, regardless of the approach used in the initial surgery. The technique we used to perform laparoscopic complete or partial fundoplication has been previously described in detail elsewhere. 18 All fundoplications were taken down and dissected free of the surrounding tissues. The short gastric vessels were routinely divided if this had not been done at the original surgery. Mediastinal dissection of the esophagus was performed in order to mobilize at least 3 cm of intra-abdominal esophagus. The hiatus was closed posterior to the esophagus with interrupted, nonabsorbable sutures. The fundic wrap was then recreated as either a floppy complete fundoplication (Nissen) or as a posterior 270°fundoplication (Toupet) around a 56F to 60F bougie. The wrap was secured to the hiatus with nonabsorbable sutures.
Symptoms such as heartburn, dysphagia, and gas bloat were evaluated before and after reoperation with the application of a visual analog scoring scale from 0 to 10 in severity: 0, no symptoms, to 10, severe symptoms. Sense of well-being (0, poor, to 10, great) and level of activity (0, sedentary, to 10, very active) were assessed with similar 10-point scales. We are currently conducting a prospective study to validate these scoring scales. Fifty of 54 patients (93%) had complete preoperative and postoperative questionnaires. The mean patient follow-up time was 22.5 months (range 0.8-57.2 months). Only 7 patients had follow-up less than 6 months. Patients were evaluated with symptom scores before the operation and at each postoperative visit. Symptom scores from the latest follow-up visit were considered for each patient. A 2-tailed paired Student t test was used for comparison of preoperative and postoperative scores. A Fisher exact test was used for differences in proportions (InStat version 3.01; GraphPad Software, Inc, San Diego, Calif).
Results
A total of 54 patients underwent laparoscopic attempted reoperation for failed fundoplication. Mean patient age was 47.1 years (range 24-80 years). The male to female ratio was 1:1.3. Median time from the initial to the repeat procedure was 12.5 months (range 2-185 months, mean 26.9 months). Thirty-three patients (61%) underwent reoperative fundoplication within a year from the initial fundoplications, and 46 (85%) did so within 2 years. The primary symptoms prompting operation were heartburn in 26 cases (48%), dysphagia in 23 cases (43%), and gas bloat in 5 cases (9%).
Twenty-three patients (43%) underwent one or more esophageal dilations for dysphagia (mean 1.5, range 1-5). Preoperative barium esophagram revealed free reflux of contrast (n ϭ 22), deformity of fundoplication (n ϭ 21), tight fundoplication (n ϭ 7), possible achalasia (n ϭ 1), and no abnormal findings (n ϭ 12). Preoperative EGD revealed esophagitis (n ϭ 17), Barrett esophagus (n ϭ 9), hiatal hernia (n ϭ 17), deformity of fundic wrap (n ϭ 7), tight fundoplication (n ϭ 7), and no abnormal findings (n ϭ 17). Seventeen of the 34 patients who underwent manometric evaluation had poor esophageal motility diagnosed. Fifteen of the 32 patients who underwent evaluation with 24-hour pH study had an abnormal DeMeester score.
The type of reoperative fundoplication in relation to the initial operation is depicted in Patients were carefully assessed at the time of operation for the cause of the fundoplication failure. A slipped or misplaced fundoplication was found in 26% of patients, followed in frequency by a disrupted fundoplication (15%) and a transdiaphragmatic herniation of the fundoplication (13%; Table 2 ). Half of the patients with a slipped or misplaced fundoplication were patients referred to us from other institutions. Seventeen of the 54 patients (31%) had no obvious reasons for failure noted at the time of reoperation; 8 of 17 patients with recalcitrant dysphagia or gas bloat underwent conversion of a complete fundoplication to a partial fundoplication, and 9 of 17 patients with recalcitrant heartburn documented by 24-hour pH study or EGD underwent repeat fundoplication (Nissen to reoperative Nissen n ϭ 4, Toupet to Nissen n ϭ 3, and Nissen to Toupet n ϭ 2, these patients were found to have a loose fundoplication and underwent a partial wrap because of preoperative abnormal esophageal motility).
There were no perioperative deaths in our series. Fourteen patients (18%) had 15 perioperative complications (Table 3) . Seven patients had a laceration of the gastric fundus during dissection of the old fundoplication. The injury was recognized in all cases and repaired intraoperatively with suturing or application of an endoscopic stapling device. One patient with unrecognized esophageal injury had a contained leak that was treated conservatively. An esophageal swallow study on postoperative day 7 revealed resolution of the leak, and the patient was discharged without further complications. Three patients (5.6%) had failure of the reoperation and eventually underwent subsequent operations. One patient with two previous failed Nissen fundoplications ultimately underwent a Collis gastroplasty for esophageal lengthening to address short esophagus. Another patient with morbid obesity and steroid-dependent asthma related to GERD had undergone two fundoplications without resolution of her symptoms and ultimately required a Roux-en-Y gastric bypass procedure. The third patient had undergone a Belsey Mark IV and two failed laparoscopic Nissen fundoplications. This patient reported persistent dysphagia, and esophageal manometry revealed aperistalsis of the entire esophagus. The patient underwent a transhiatal esophagectomy for end-stage reflux disease. All 3 patients are now free of reflux symptoms after their final procedure.
Reoperative fundoplication was successful in alleviating the primary complaint in most cases. Postoperative mean visual analog scores decreased significantly for heartburn (from 7.8 to 3.4, P Ͻ .0001), dysphagia (from 6.4 to 3.7; P Ͻ .005), and gas bloat (from 8.6 to 4.9; P Ͻ .005; Figure 2 ). Eighty-two percent of our patients had some improvement in the visual analog score of the primary symptom that led to reoperation. A significant percentage of patients (40%-50%) had resolution of the primary symptom (score Ͻ3), and a large percentage of patients (21%-45%) had only moderate postoperative symptoms (score 3-7; Figure 3) . Among the 17 patients without identifiable intraoperative reason for the failure of the fundoplication, 12 patients had improvement in the visual analog score of the primary symptom. Quality of life scores increased from 5.5 to 7.2 (P Ͻ .001) after surgery, and activity scores increased from 6.7 to 7.8 (P Ͻ .01). For further assessment of patient satisfaction, patients were asked whether they would make the same decision and undergo a reoperative fundoplication; 70% of patients replied that they would.
Data regarding preoperative and postoperative medication use was available in 33 of 54 cases (Figure 4 ). Seventeen of 33 patients (52%) were free of any medical treatment for GERD (antacids, histamine blockers, and protonpump inhibitors) after a mean follow-up of 26 months. The reasons for GERD medication use in the remaining 16 patients were peptic ulcer disease (n ϭ 2), dyspepsia (n ϭ 1), and heartburn (n ϭ 13).
Discussion
The laparoscopic technique has repopularized antireflux surgery and has led to an exponential increase in the number of fundoplications performed in the United States. Critics of antireflux surgery claim that it trades one set of symptoms for another, such as dysphagia and gas bloat. Proper patient selection and meticulous surgical technique at the time of the initial operation are among the most important factors in preventing fundoplication failure. Reoperative antireflux surgery, although not as effective as the initial operation, has had acceptable results in alleviating symptoms of heartburn, dysphagia, and gas bloat. Eighty-two percent of our patients had some improvement in the visual analog score of the primary symptom that led to reoperation, and 40% to 50% of patients had resolution of their symptoms (score Ͻ3). Hunter and colleagues 9 reported a 70% to 91% improvement in reflux symptoms after reoperative fundoplication. Only 3 of our patients (5.6%) required any further surgery, compared with the 3.5% to 13% failure rate reported in other series. 8, 9 Granderath and associates 19 reported significantly improved gastrointestinal quality of life scores after reoperative fundoplication surgery. Quality of life and activity scores increased significantly after surgery in our patients. Half of our patients were completely free of the need for any antireflux medications.
Laparoscopic reoperative fundoplication is associated with significant intraoperative complications even when performed by experienced surgeons. 20, 21 Eight of our patients had a gastric or esophageal laceration occur during dissection of the fundoplication. Most of these injuries were readily recognized and repaired without further sequelae. There were no perioperative deaths.
Patients undergoing reoperation require a careful preoperative diagnostic evaluation. A barium swallow study should be the first study ordered for patients with recurrent GERD symptoms or persistent dysphagia after a fundoplication. EGD can be complementary to the swallow study in identifying anatomic reasons for a failed fundoplication. 9, 22 An attempt to obtain 24-hour pH study and esophageal manometry should be made in every case under consideration for reoperative fundoplication. The 24-hour pH study is essential in documenting the presence of severe reflux, especially when there is no evidence of anatomic failure of the wrap on the barium esophagram and EGD. Esophageal manometry detected achalasia in 1 of our referred patients, and he was successfully treated with a myotomy. Esophageal manometry is also essential in patients with persistent dysphagia before converting a full fundoplication to a partial one.
An anatomic reason for failure was found in 69% of our reoperative cases. Properly selected patients without identifiable anatomically distorted fundoplication may also benefit from refundoplication. The mechanisms of anatomic failure in our patients were equally distributed between slipped or misplaced fundoplication, disrupted fundoplication, and transdiaphragmatic herniation. Among patients referred from other institutions, the most common mechanism was slipped or misplaced fundoplication. Other studies have shown that in the era of laparoscopic fundoplication, the most common mechanism of failure is transdiaphragmatic herniation of the fundoplication. 9, 13, 23 After antireflux surgery, adhesions usually form between the fundoplication and the anterior surface of the liver. The posterior aspect of the fundoplication, however, is relatively free of adhesions, providing access for wrap migration into the chest. 9, 13, 24 Inadequate closure of the diaphragmatic crura, shortened esophagus, and poor esophageal mobilization have been implicated as possible mechanisms of fundoplication failure. 13 , 23 Soper and coworkers 13 noted a 5-fold increase in the anatomic failure rate when complete mobilization of the fundus or routine closure of the diaphragmatic hiatus was not performed.
Pressure at the hiatus from physiologic forces, so-called diaphragmatic stressors, can cause thoracic migration of the fundoplication with or without wrap disruption. 9, 13 Patients who have postoperative retching and report new-onset epigastric or substernal pain should undergo early radiographic evaluation of the fundoplication. It is easier to repair a transdiaphragmatic herniation of the fundoplication in the early postoperative period. We routinely use antiemetic medications during the early postoperative period, and this may explain the absence of immediate postoperative fundoplication failures in our series.
None of our patients required a gastroplasty during the first reoperative fundoplication. However, 1 patient did eventually require a gastroplasty, and that patient might have benefited from an esophageal lengthening procedure at the time of the first reoperation. The decision whether a gastroplasty is necessary is based on our ability to mobilize at least 3 cm of intra-abdominal esophagus. In our experience, the need for a gastroplasty is very uncommon, but this remains a controversial topic in the surgical literature. [25] [26] [27] [28] [29] The incidence of persistent dysphagia after laparoscopic Nissen fundoplication ranges from 0% to 36%. [30] [31] [32] [33] [34] [35] [36] [37] Persistent postoperative dysphagia may be related to the length 
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and tightness of the fundoplication or to the function of the esophageal body. Bais and associates 38 reported that conversion of a 360°into a 270°wrap resulted in normalization of the lower esophageal sphincter relaxation and a decrease in residual relaxation pressure of the sphincter. Seventy-two percent of our patients had at least a 50% improvement in their dysphagia scores after conversion from a Nissen to a Toupet fundoplication.
It has been postulated that patients with severe GERD use aerophagia in an attempt to neutralize the acidic environment of the esophagus. 39 If this habit continues after the operation, patients may have abdominal bloating and excessive flatulence. The reduced ability to belch after a fundoplication contributes to this malady. Treatment with gasbinding agents and prokinetics, along with avoidance of carbonated beverages, may help to alleviate symptoms of gas bloat. There is much variation in the reported incidences of gas bloat after fundoplication; 1.5% to 100% of patients are unable to belch, 31% to 63% are unable to vomit, and 13% to 67% report gas bloat. 40 It is unknown why patients respond to reoperation for symptoms of gas bloat. A tight or improperly positioned fundoplication may create an inability to expel swallowed air. Revision of the fundoplication in the 5 patients who reported severe gas bloat resulted in resolution of symptoms in 2 cases and improvement of symptoms in 2 cases.
Conclusion
Laparoscopic reoperation is a feasible and relatively safe option for the treatment of failed fundoplication. Symptomatic relief is achieved in a large percentage of patients; however, patient satisfaction is much lower than with a primarily successful fundoplication. Prevention of fundoplication failure with proper patient selection and surgical technique should be the goal in achieving the best results. 
Discussion
Dr Claude Deschamps (Rochester, Minn). Papasavas and coauthors have reported on a group of 54 patients who underwent reoperation laparoscopically for a variety of reasons. Postoperative symptoms and quality of life and activity scores as assessed by the patients themselves were improved in most cases, and the need for medication also decreased significantly. The group should be commended for their low morbidity and good subjective results in the face of a challenge that can be sometimes frustrating for the gastroenterologist and the surgeon.
I would like to point out a couple limitations. First, we know from Tom DeMeester's group and others that there is often discrepancy between the subjectivity of postfundoplication symptoms and the results of objective testing, such as 24-hour pH. Papasavas and coauthors evaluated their patients very carefully before the operation. They used pH, manometry, and barium swallow. However, they did not use such objective measures in their postoperative evaluation. It would have been nice to have some measurement, such as a postoperative barium swallow.
Second, the conclusions are based on a mean follow-up of 22 months. We and others have shown that reoperative results are not as good as those of first operations and often deteriorate with time. There is a risk of minimizing the consequences of a reoperative laparoscopic approach in projecting these good early results into the future. As the number of laparoscopic fundoplications has increased exponentially nationwide, our esophageal clinic has been filling up with patients who report postfundoplication symptoms. Some of these patients have not been helped by a reoperation, and the term "esophageal cripple" comes to mind when you see a patient who has undergone four laparoscopic repairs and, incredibly and sadly, is asking for a fifth.
I have four questions for Dr Keenan. (1) The reoperations were all attempted laparoscopically. That is our standard approach, to attempt to repair laparoscopically. If there is some intraoperative reason to convert to an open procedure, then we do so.
All 54 patients I talked about in this series were undergoing their second operation. Three of those 54 subsequently went on to a third procedure because of failure of the reoperation.
Our follow-up is performed at regular intervals, as I mentioned, with questionnaires at every visit, and we also do barium swallow and motility and 24-hour pH studies. If we are unable or the patient refuses, then we attempt to get nuclear transit studies at 6 months after the operation and then at 1 year, and then yearly thereafter, if they will agree to that.
I did not include the more objective indicators of success in the presentation because I was primarily interested in symptomatic improvement. That is the reason that these patients underwent a second operation. Of course, without evidence to prove that they had some objective reason for having the second operation, they would not have undergone it.
And you are right, none of the patients did have a gastroplasty at the second operation. What we do is take down the wrap, remobilize the esophagus and make sure that it's completely mobilized, and then redo the wrap. Probably there are a few cases in which we should have done a Collis gastroplasty, including the 1 patient who subsequently had a gastroplasty at the third operation, but we believe that the need for a gastroplasty is not all that common. So unless we see true evidence of esophageal shortening after full mobilization and taking down of the wrap, I think that it's not necessary.
Dr James D. Luketich (Pittsburgh, Pa). We're interested in the symptom scores as well, some of the issues you mentioned about heartburn, dysphagia, and so on. Where did you obtain the questionnaire form? Is this a validated form in other studies? Did you consider using another standard form of outcome study for reflux? For example, the health-related quality of life has been validated by Velanovich and many others. What made you choose this particular scoring system? Second, I think you mentioned a number of patients, and I don't remember the exact number, maybe 9, in whom at exploration you did not find an anatomic defect. What did you do in those cases? Can you explain how some of them might have gotten better after surgery, because I think some of those did improve? Do you think you just didn't quite figure it out, but the wrap seemed to work the second time? Did any of those just happen to be related to vagal injuries, or did you document that? Did you have trouble in your reoperation group with vagal injuries? We've seen some of those, and I know it can be very difficult to identify and avoid it on the second operation.
Dr Keenan. You're right, and obviously we've all dealt with these kinds of difficult issues. The analog score that we were using has been used at our institution and other institutions for these symptoms for several years and obviously is an adaptable scoring system for a number of different indications. We had not early on been using a much more objective study as you have been doing, and we have started doing that in the last couple of years, really a year and a half, and so I don't have enough information to really tell you on that topic.
With respect to the anatomic defects, I think that some of those were probably patients in whom there was some mild distortion of the wrap that maybe we could have seen if we had looked at the barium swallow or a video of the barium swallow rather than just the static pictures. I think that we certainly tend to tack the wrap up to the diaphragm to the crura, to try to prevent that iatrogenic paraesophageal herniation. Maybe were twisting it a little bit and that was all we found, and yet it wasn't really obvious at the time of surgery.
And you are right, vagal nerve innervation and injury is a very critical issue, and we certainly do our best. I'm not sure how many we might have injured, but I am certain that we make a very strong effort to identify at least one of the vagal nerves and do everything we can to protect it if we can't see both.
Dr William H. Warren (Chicago, Ill). I'm somewhat confused as to the choice of operation and what factors went into making that choice. Can you elaborate on that, preoperative motility or intraoperative findings? Dr Keenan. I should have been more clear about that, and I appreciate the question. The conversion from a complete Nissen to a partial Nissen was done for essentially all patients who reported postoperative dysphagia or persistent dysphagia. The 25 patients in whom heartburn was the problem either had a reoperative Nissen fundoplication, if the original had been a Nissen and we found one of those anatomic defects, or, if the original had been a partial fundoplication, conversion to a complete fundoplication for heartburn.
Dr Stephen R. Hazelrigg (Springfield, Ill). When we've analyzed our failures from Nissens, especially the ones that have symptomatic failures without anatomic defects, we found when we go back and look at their preoperative questionnaire that they also had a lot of other more lower gastrointestinal complaints, such as irritable bowel. Did you have any similar findings in your group? Dr Keenan. Absolutely. In fact, that is a topic that is currently being looked at by one of our fellows right now. I think there is a tremendous association between reflux disease and irritable bowel syndrome, and I think that the patients with irritable bowel are a much more difficult subgroup to deal with and have a lot more subjective postoperative symptoms. In many of those situations, you can't find any objective data to support their subjective difficulties.
